We use preseismic, coseismic, and postseismic GPS data of the 1999 Chi-Chi earthquake to infer spatio-temporal variation of fault slip and frictional behavior on the Chelungpu fault. The geodetic data shows that coseismic slip during the Chi-Chi earthquake occurred within a patch that was locked in the period preceding the earthquake, and that afterslip occurred dominantly downdip from the ruptured area. To first-order, the observed pattern and the temporal evolution of afterslip is consistent with models of the seismic cycle based on rate-and-state friction. Comparison with the distribution of temperature on the fault derived from thermokinematic modeling shows that aseismic slip becomes dominant where temperature is estimated to exceed 200°a t depth. This inference is consistent with the temperature induced transition from velocity-weakening to velocity-strengthening friction that is observed in laboratory experiments on quartzo-feldspathic rocks. The time evolution of afterslip is consistent with afterslip being governed by velocity-strengthening frictional sliding. The dependency of friction, l, on the sliding velocity, V, is estimated to be ol=o ln V ¼ 8 Â 10 À3 : We report an azimuthal difference of about 10-20°between preseismic and postseismic GPS velocities, which we interpret to reflect the very low shear stress on the creeping portion of the décollement beneath the Central Range, of the order of 1-3 MPa, implying a very low friction of about 0.01. This study highlights the importance of temperature and pore pressure in determining fault frictional sliding.
Introduction
Fault slip occurs as steady aseismic creep or as recurring transient slip, the latter of which might be seismic or aseismic. This process leads to an alternation between long periods of slow elastic strain accumulation, the interseismic period, and short periods of strain release by transient slip events and large earthquakes. An unanswered first-order question regarding the 'seismic cycle' process is whether asperities, defined loosely here as zones with large coseismic slip (e.g., larger than a given fraction of the peak slip), that broke during large earthquakes, coincide with fault patches that remain locked during the interseismic period. If so, geodetic monitoring of interseismic strain could be used to assess the location and, possibly either the time of a future earthquake or the amount of coseismic slip, hence the magnitude (SHIMAZAKI and NAKATA, 1980) . The fault slip accrues with time depending primarily on the fault friction law and its eventual spatio-temporal variability. Fault friction can be rate-weakening, allowing for stick-slip motion or rate-strengthening promoting aseismic slip (SCHOLZ, 1990) . For quartz-feldspathic rocks, rate-strengthening seems to be promoted at high temperature (T > 200-250°C), hence at depths deeper than typically 15 km, or for poorly consolidate alluvium or fault gouge at shallow depths (BLANPIED et al., 1995; MARONE, 1998) . However, the relation between fault friction and the mode of slip is not trivial. For example, earthquakes can only nucleate in areas obeying a rate-weakening friction law but can propagate dynamically in rate-strengthening areas (LAPUSTA et al., 2000; TSE and RICE, 1986 ). Furthermore, a fault portion might obey a rate-strengthening friction law but might seem locked if it lies in the stress shadow of a fully locked zone. In that case, it might slip by aseismic afterslip when the stress shadow effect is removed as the shadowing asperities break. For example, it is possible that the shallow portion of subduction zones would dominantly slip aseismically, but would appear locked in the interseismic period as it lies in the shadows of deeper locked patches (BURGMANN et al., 2005) . This mechanism might also explain why shallow creep is rarely observed, except in the case of fault segments which dominantly creep at all depths such as the creeping segment of the San Andreas fault (BURFORD and HARSH, 1980; LISOWSKI and PRESCOTT, 1981; TITUS et al., 2005) or along the southern portion of the Longitudinal Valley fault in Taiwan (ANGELIER et al., 1997; LEE et al., 2001b LEE et al., , 2003 LIU and YU, 1990; YU and LIU, 1989; YU and KUO, 2001) .
Another issue, which has been a controversial issue for decades, concerns the stress level under which active faults operate (SCHOLZ, 2000) . Deep borehole measurements in a stable tectonic area (BRUDY et al., 1997; ZOBACK and TOWNEND, 2001 ) suggest that the differential stress within the brittle crust is generally high, near the threshold of Coulomb failure as obtained from laboratory estimates of the coefficient of friction of rocks which generally range 0.6-0.85 (BYERLEE, 1978) . On the other hand, there is evidence that the shear stress acting on major crustal faults is rather small, typically about 10 times less than expected from rock friction experiments. This conclusion is reached particularly for the San Andreas fault zone where frictional heating seems very limited (SHAW, 1995) and where the principal horizontal stress is nearly perpendicular to the fault plane (HAUKSSON, 1990; JONES, 1988; MOUNT and SUPPE, 1987; ZOBACK et al., 1987) . A low stress level on fault zones has also been deduced from the influence of coseismic stress change due to the Landers earthquake (HARDEBECK and HAUKSSON, 2001) as well as 2002 Denali earthquake (WESSON and BOYD, 2007) on the stress orientations derived from earthquake focal mechanisms. There is more consensus that thrust faults and detachments below
